Copper is a nutritionally essential metal and is widely distributed in nature. 1 Hence, there is a great need to develop, simple, sensitive, selective and inexpensive methods for the determination of copper in environmental, biological and soil samples for continuous monitoring to establish the levels of Cu in environmental and biological matrices.
containing a few drops of perchloric acid. Aliquots of this solution were standardized by iodometric titration. Working standard solutions were prepared by suitable dilutions of the stock solution. -3 A 100 cm 3 amount of copper(I) stock solution was prepared by treating a 10 cm 3 aliquot of the above mentioned copper(II) stock solution with a few crystals of hydroxylamine hydrochloride, followed by complete removal of the hydrochloride by boiling and diluting with deionized water to 100 cm 3 .
Copper(I) stock solution, 10 -4 mol dm

Other solutions
Solutions of a large number of inorganic ions and complexing agents were prepared from their Analar grade or equivalent grade water soluble salts (or the oxides and carbonates in hydrochloric acid); those of niobium, tantalum, titanium, zirconium and hafnium were specially prepared from their corresponding oxides (Specpure, Johnson Matthey) according to the recommended procedures of Mukharjee. 3 In the case of insoluble substances, special dissolution methods were adopted. 4 
Procedure
A volume of 0.1 -1.0 cm 3 of a neutral aqueous solution containing 1 -200 µg of copper(II) in a 10 cm 3 volumetric flask was mixed with a 1:160 -1:280 fold molar excess of the 2,5-dimercapto-1,3,4-thiadiazole (DMTD) reagent solution (preferably 1.0 cm 3 of 4.42 × 10 -3 mol dm -3 ) followed by the addition of 0.2 -1.4 cm 3 of 0.01 mol dm -3 sulfuric acid. The mixture was diluted to the mark with deionized water. After 1 min the absorbance was measured at 390 nm against a corresponding reagent blank. The copper content in an unknown sample was determined using a concurrently prepared calibration graph.
Results and Discussion
Factors affecting the absorbance Absorption spectra.
The absorption spectra of a copper(II)-DMTD system in a 0.01 mol dm -3 sulfuric acid medium was recorded using the spectrophotometer. The absorption spectra of the copper(II)-DMTD is a asymmetric curve with maximum absorbance at 390 nm and an average molar absorption coefficient of 5.65 × 10 4 dm 3 mol -1 cm -1 ( Fig. 1) The reagent did not show any absorbance. In all instances measurements were made at 390 nm against a reagent blank. The reaction mechanism of the present method is as reported earlier. 5 
Effect of acidity
Of the various acids (nitric, sulfuric, hydrochloric and phosphoric) studied, sulfuric acid was found to be the best acid for the system. The variation of the absorbance was noted after the addition of 0.1 -3 cm 3 of 0.01 mol dm -3 sulfuric acid to every 10 cm 3 of test solution. The maximum and constant absorbance was obtained in the presence of 0.2 -1.4 cm 3 of 0.01 mol dm -3 sulfuric acid at room temperature (25±5)˚C. This corresponds 0.002 -0.014 mol dm -3 acidity range (Fig. 2) in the final dilution. For all subsequent measurements, 1 cm 3 of 0.01 mol dm -3 sulfuric acid (or pH 1.55) was added.
Effect of time
The reaction is very fast. A constant maximum absorbance was obtained just after dilution to volume, and remained strictly unaltered for 24 h.
Effect of reagent concentration
Different molar excesses of DMTD were added to a fixed metal ion concentration and the absorbances were measured according to the standard procedure. It was observed that at 1 µg cm -3 of Cu metal, the reagent molar ratios of 1:160 and 1:280 produced a constant absorbance of the Cu-chelate (Fig. 3) . For different copper-concentration (0.5 and 1.0 µg cm -3 ) an identical effect of varying the reagent concentration was noticed. A large excess of the reagent up to 500 fold had no effect on the standard graph of Cu(II).
Calibration graph (Beer's law and sensitivity)
The well-known equation for a spectrophotometric analysis in a very dilute solution was derived from Beer's law. The effect of the metal concentration was studied over 0. 
Effect of foreign ions
The effect of over 50 ions and complexing agents on the determination of only 1 µg cm -3 of Cu(II) was studied. The criterion for interference 7 was an absorbance value varying by more than 5% from the expected value for Cu alone. Some interfering ions may be masked using proper masking agents. The tested results were as follows: 1 cm 3 of 100 µg cm - As stated above, the proper masking agents may be added by while aiming at different interfering ions according to the actual composition of the sample. For this reason, the selectivity of the proposed method is greatly improved and the practically is increased. Particularly, the copper amounts in complex samples may be determined by using the proposed method. Moreover, the tolerance limits of NO3 -, ClO4 -, SO4 2-are especially high which is advantageous with respect to the digestion of samples. During interference studies, if a precipitate was formed, it was removed by centrifugation. The quantities of these diverse ions mentioned were the actual amounts added and not the tolerance limits. However, for those ions whose tolerance limits have been studied, their tolerance ratios are mentioned in Table 1 .
Composition of the absorbent complex
Job's method 8 of continuous variation and the molar-ratio 9 method were applied to ascertain the stoichiometric composition of the complex. A Cu:DMTD (1:2) complex was indicated by both methods.
Applications Determination of copper in synthetic mixture.
Several synthetic mixtures of varying compositions containing copper(II) and diverse ions of known concentrations were determined by the present method using tartrate or EDTA as a masking agent; the results were found to be highly reproducible.
The results are given in Table 2 .
Determination of copper in alloys, steels and brasses (certified reference materials).
A 0.1 g amount of an alloy or steel or brass sample containing 0.05 -70.16% of copper was accurately weighed and placed in a 50 cm 3 Erlenmeyer flask. To it, 10 cm 3 of concentrated HNO3 and 1 cm 3 of concentrated H2SO4 were carefully added and then covered with a watch-glass until the brisk reaction subsided. The solution was heated and simmered gently after the addition of another 5 cm 3 of concentrated HNO3 until all carbides were decomposed. The solution was carefully evaporated to dense white fumes to drive off the oxides of nitrogen, and then cooled to room temperature (25±5)˚C. After suitable dilution with deionized water, the contents of the Erlenmeyer flask were warmed to dissolve the soluble salts. The solution was then cooled and neutralized with a dilute 807 ANALYTICAL SCIENCES JULY 2002, VOL. 18 A suitable aliquot (1 -2 cm 3 ) of the above solution was taken into a 10 cm 3 calibrated flask and the copper content was determined as described under procedure using citrate or fluoride as masking agent. The results are given in Table 3 . The certified copper value in alloys, steels and brass were obtained.
Sample collection and preservation.
Water: Water samples were collected in polythene bottles from shallow tube-wells, tap-well, river, sea and drain of different places of Bangladesh. After collection, nitric acid (1 cm 3 dm -3 ) was added as a preservative.
Blood and urine: Blood and urine samples were collected in polypropylene bottles from effected persons of Chittagong Medical College Hospital, Bangladesh. Immediately after collection they were stored in a salt-ice mixture and latter, at the laboratory, were kept at 20˚C.
Soil: Soil (surface) samples were collected from different locations in Bangladesh. Samples were dried in air and homogenized with a mortar. An aliquot (1 -2 cm 3 ) of this preconcentrated water sample was pipetted into a 10 cm 3 calibrated flask and the copper content was determined as described under the procedure using citrate or fluoride as a masking agent. The results of analyses of environmental water samples from various sources for copper are given in Table 4 .
Determination of copper in biological samples.
Regarding human blood (1 g) or urine (2 g), five samples were accurately weighed and transferred into a 10 cm 3 beaker. A 1 µg cm -3 copper(II) standard solution was added to one of them as a spike. The sample was then ashed in a muffle furnace at 500˚C for 4 h in the presence of 1 cm 3 concentrated nitric acid following a method recommended by Stahr. 10 Then after the contents of each beaker were cooled at room temperature, 1.5 cm 3 of concentrated hydrochloric acid was added to each beaker and warmed slightly. The content of each beaker was filtered and neutralized with dilute ammonia in the presence of 1 -2 cm 3 of a 0.01% (w/v) tartrate solution, transferred quantitatively into a 10 cm 3 calibrated flask and made up to the mark with deionized water.
A suitable aliquot (1 -2 cm 3 ) of the final solution was pipetted into a 10 cm 3 calibrated flask and the copper content was determined as described under the procedure using a fluoride or thiocyanide solution as a masking agent. The results of biological analyses by the spectrophotometric method were found to be in excellent agreement with those obtained by AAS. The results are given in Table 5 . The abnormally high value for the Wilson's disease patient is probably due to the involvement of a high copper concentration with As and Zn. The occurrence of such high copper contents has also been reported in Wilson's disease patients from some developed countries. 11 
Determination of copper in soil samples.
An air-dried homogenized soil sample (100 g) was accurately weighed and placed in a 100 cm 3 micro-Kjeldahl flask. The sample was digested in the presence of an oxidizing agent following a method recommended by Jackson. 12 The content of flask was filtrated through Whatman No. 40 filter paper into a 25 cm 3 calibrated flask, and neutralized with dilute ammonia in the presence of 1 -2 cm 3 of a 0.01% (w/v) tartrate solution. It was then diluted up to the mark with deionized water.
Suitable aliquots (1 -2 cm 3 ) were transferred into a 10 cm 3 calibrated flask and a calculated amount of 0.01 mol dm -3 H2SO4 needed to give a final acidity of 0.002 -0.014 mol dm -3 was added followed by 1 -2 cm 3 of a 0.01% fluoride or thiocyanide solution as a masking agent. The copper content was then determined by the above-mentioned procedure and quantified from a calibration graph prepared concurrently. The results of soil analyses by the spectrophotometric method were found to be in excellent agreement with those obtained by AAS. The results are given in Table 6 .
Determination of copper(I) and copper(II) speciation in mixture.
Suitable aliquots (1 -2 cm 3 ) of copper (I+II) mixtures (preferably 1:1, 1:5, 1:10) were taken in 25 cm 3 conical flasks. A few drops of 1 mol dm -3 sulfuric acid and 1 -3 cm 3 of 1% (w/v) potassium permanganate solution were added to oxidize the monovalent copper; 5 cm 3 of water was added to the mixtures and heated on a steam bath for 10 -15 min, with occasional gentle shaking, and then cooled to room temperature. Then, 3 -4 drops of freshly prepared sodium azide solution (2.5% w/v) were added and gently heated with a further addition of 2 -3 cm 3 of water if necessary, for 5 min to drive off the azide cooled to room temperature. The reaction mixture was neutralized with dilute ammonia transferred quantitatively into a 10 cm 3 volumetric flask; 1 cm 3 of a 4.42 × 10 -3 mol dm -3 DMTD reagent solution was then added, followed by the addition of 1 cm 3 of a 0.01 mol dm -3 sulfuric acid; it was made up to the mark with deionized water. The absorbance was measured after 1 min at 390 nm against a reagent blank. The total copper content was calculated with the help of a calibration graph.
An equal aliquot of the above-mentioned copper (I+II) mixture was taken into a 25 cm 3 beaker. A 1 cm 3 volume of 0.01% (w/v) tartrate was added to mask copper(I), and was neutralized with dilute NH4OH. The content of the beaker was transferred into a 10 cm 3 volumetric flask. Then, 1 cm 3 of a 0.01 mol dm -3 sulfuric acid solution was added, followed by the addition of 1 cm 3 of 4.42 × 10 -3 mol dm -3 DMTD, and made up to the volume with deionized water. After 1 min the absorbance was measured against a reagent blank, as before. The copper concentration was calculated in mg dm -3 or µg cm -3 with the aid of a calibration graph. This gave a measure of the copper(II) originally present in the mixture. This value was subtracted from that of the total copper to obtain the copper(I) present in the mixture. The results were found to be highly reproducible. The occurrence of such reproducible results are also reported for different oxidation states of copper. 13 The results of a set of determination are given in Table 7 .
Precision and accuracy
The precision of the present method was evaluated by determining different concentrations of Cu (each analyzed at least five times). The relative standard deviation (n = 5) was 0 -2% for 1 -200 µg of copper in 10 cm 3 , indicating that this method is highly precise and reproducible. The detection limit (3 s of the blank) and Sandell's sensitivity (concentration for 0.001 absorbance unit) for copper(II) were found to be 15 ng cm -3 and 10 ng cm -2 , respectively. The results for total copper(II) were in good agreement with the certified values ( Table 3 ). The reliability of our Cu-chelate procedure was tested by recovery studies. The average percentage recovery obtained for the addition of a copper(II) spike to some environmental water samples was quantitative, as shown in Table 4 . The method was also tested by analyzing several synthetic mixtures containing copper(II) and diverse ions ( Table  2 ). The results of biological and soil analyses by the spectrophotometric method were in excellent agreement with those obtained by AAS (Tables 5 & 6 ). The results concerning speciation of Cu(I) and Cu(II) in mixtures were highly reproducible (Table 7) . Hence, the precision and accuracy of the method were found to be excellent.
Conclusions
The proposed method possesses distinct advantages over the existing methods [14] [15] [16] [17] [18] [19] [20] and recently published spectrophotometric methods concerning copper. 21 First, the determination of copper with the proposed color system can be directly conducted in an aqueous solution without the need for any separations or cleanup step. Second, the reaction is instantaneous and the absorbance remains stable for over 24 h. Third, the useful concentration range (0.1 -20 µg cm -3 ) for Beer's law is widened. Fourth, with suitable masking, the reaction can be made highly selective and reagent blank solutions do not show any absorbance. Finally, the results obtained in this work show that the proposed method is applicable to a variety of copper containing samples, and that the method is simple, selective and accurate. Therefore, this method will be successfully applied to the monitoring of small amounts of copper in industrial environmental, biological and soil samples. Cu, taken/µg cm -3 Cu, found/µg cm -3 Error/µg cm -3 Cu ( Table 7 Determination of copper(I) and copper(II) speciation in mixtures
